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© Microcomputer having high speed a/d conversion function. 

© A microcomputer includes an central processing . 
unit and an A/D conversion circuit formed on the 
same integrated circuit chip. The microcomputer 
comprises a plurality of sample and hold circuits 
coupled to receive, sample and hold an analog volt- 
age, and a timer coupled to the plurality of sample 
and hold circuits for supplying a analog voltage 
J sampling timing signal to the sample and hold cir- 
[ cults. The sample and hold circuits is coupled 
through a gate circuit to the A/D conversion circuit 
so that the analog voltages held In the sample and 
hold circuits is sequentially selected one by one, 
and the selected one is supplied to the A/D conver- 
sion circuit so that the A/D conversion circuit se- 
quentially converts the analog voltages held in the 
sample and hold circuits into a digital data one by 
one. 
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MICROCOMPUTER HAVING HIGH SPEED A/D CONVERSION FUNCTION 



Background of the Invention 



Field of the invention 

The present invention relates to a microcom- 
puter, and more specifically to a microcomputer 
containing an analog-to-digital (A/D) conversion 
function therein. 



Description of related art 

Conventionally, a head for data reading and 
writing of hard disks and floppy disks has been 
positionally servo-controlled to trace a track on the 
disk. This servo-control has been effected by ob- 
taining a current head position by detecting a 
servo-pattern previously recorded between a data 
region and an adjacent data region on the track, in 
synchronism with and with reference to a termina- 
tion of each data region, and by deriving a dif- 
ference between the detected head position and a 
target track so as to modify the position of the 
head. 

Here, assume that four data tracks A, B, C and 
D are concentrically formed at different radii on a 
disk, and the data .tracks A, B, C and D respec- 
tively include data regions A1, B1, C1 and D1 
which are located in the same sector zone and are 
angularly separated from data regions A2, B2, C2 
and D2 in an adjacent sector zone, with servo 
patterns PA, PB, PC and PD being interposed 
between the data regions A1, B1, C1 and D1 and 
the data regions A2, B2, C2 and D2, respectively. 
Therefore, these servo patterns PA, PB, PC and 
PD are detected by a head in the course of move- 
ment of the head from an end of the data regions 
A1, B1, C1 and D1 to a beginning of the data 
regions A2, B2, C2 and D2. 

However, these servo patterns PA, PB. PC and 
PD are located at different angular positions within 
an angular zone between the sector zone including 
the data regions A1, B1, C1 and D1 and the sector 
zone including the data regions A2, B2, C2 and D2. 
Therefore, the servo pattern PA is detected at a 
timing TA after the end of the data region A1 is 
detected, and after the end of the data region B1 Is 
detected, the servo pattern PB is detected at a 
timing TB different from the timing TA. In addition, 
after the end of the data region C1 is detected, the 
servo pattern PC is detected at a timing TC dif- 
ferent from each of the timings TA and TB, and 
after the end of the data region D1 is detected, the 
servo pattern PD is detected at a timing TD dif- 



ferent from each of the timings TA, TB and TC. 
Therefore, the position of the head can be detected 
by converting into a digital signal an analog read 
signal outputted from the head when the head 

5 passes in front of a position corresponding to the 
timing TA, TB, TC or TD after the head has passed 
the end of the sector zone including the data 
regions A1, B1, C1 and D1. 

For example, here assuming that the head is 

10 on the track C, after the head detects the end of 
the sector zone including the data regions A1. B1, 
C1 and D1, reading signals outputted from the 
head at the timings TA, TB and TD are almost OV, 
respectively, and on the other hand, a reading 

T5 signal outputted from the head at the timing TC 
becomes about 5V. As a result, it is detected that 
the head is on the track C. In addition, even if the 
head is at an intermediate position between tracks, 
the position of the head can be determined by 

20 examining the reading signal outputted from the 
head. 

However, it has been an ordinary practice that 
an area for the servo pattern is in a range cor- 
responding to several hundred microseconds, and 

25 a width of the servo pattern itself substantially 
corresponds to 100 microseconds. Therefore, even 
in the case that the head position discrimination on 
the basis of digital information obtained by an 
analog-to-digital (A/D) conversion of the reading 

30 signal outputted from the head is allowed to be 
considerably delayed in time, since the change of 
the analog voltage occurs in a very short time, a 
high speed A/D converter such as a flash type A/D 
converter has been required. Accordingly, it has 

35 not been possible to use a relatively inexpensive 
successive approximation A/D converter. 

The flash type A/D converter can execute an 
A/D conversion at one time, but needs 2 8 compara- 
tors for A/D conversion in a 8-bit resolution, for 

40 example. Therefore, the flash type A/D converter is 
very expensive and requires a large chip size. 
Accordingly, it has not been possible to assemble 
the flash type A/D converter on a single chip micro- 
computer. In other words, application systems have 

45 been expensive. 

In addition, since it has been necessary to 
provide a discrete A/D converter independently of a 
microcomputer, the microcomputer has to be coup- 
led to receive an output of the A/D converter for the 

so purpose of discriminating the position of the head. 
As a result, the board size has been inevitably 
large, and an increased cost for wiring has been 
required. Further, reliability has been low. 

In the prior art, furthermore, when a plurality of 
analog inputs must be converted into a digital 
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signal at the same timing, respectively, it has been 
required to provide a corresponding number of A/D 
converters. Therefore, a further increased cost has 
been required. 

As mentioned above, in the conventional A/D 
converter systems, an expensive A/D converter for 
conversion of an Input analog signal varying in a 
short time has to have been provided externally of 
a microcomputer. As a result application systems 
have required an increased cost for integrated cir- 
cuits, and therefore, have not been so economical 
and could not have a satisfactory reliability. 



Summary of the Invention 

Accordingly, it is an object of the present in- 
vention to provide a microcomputer having an A/D 
conversion function, which has overcome the above 
mentioned defect of the conventional one. 

Another object of the present invention is to 
provide a microcomputer having an A/D conversion 
function, which is inexpensive and can convert into 
a digital signal an analog signal which varies in a 
short time. 

The above and other objects of the present 
invention are achieved in accordance with the 
present invention by a microcomputer which in- 
cludes an central processing unit and an A/D con- 
version circuit formed on the same integrated cir- 
cuit chip, comprising a plurality of sample and hold 
circuits coupled to input means for sampling and 
holding an analog voltage supplied through the 
input means, timing generation means coupled to 
the plurality of sample and hold circuits for sup- 
plying a analog voltage sampling timing signal to 
the sample and hold circuits, means coupled to the 
timing generation means for initializing the timing 
generation means, and means coupled to the sam- 
ple and hold circuits and the A/D conversion circuit 
for sequentially selecting one of the analog vol- 
tages held in the sample and hold circuits and 
supplying the selected one to the A/D conversion 
circuit, so that the A/D conversion circuit sequen- 
tially converts the analog voltages held in the sam- 
ple and hold circuits into a digital data one by one. 

According to another aspect of the present 
invention, there is provided an A/D conversion cir- 
cuit comprising: 

a plurality of sample and hold circuits each having 
an analog signal input, a sample timing control 
input and an output, each of the sample and hold 
circuits responding to a sample timing signal ap- 
plied to the sample timing control input, so as to 
sample and hold an analog voltage applied to the 
analog signal input, so that the analog voltage held 
in the sample and hold circuit is outputted from the 
output of the sample and hold circuit 



an A/D converter provided commonly to the plural- 
ity of sample and hold circuits and having an input 
for selectively sequentially receiving the outputs of 
the sample and hold circuits one by one, so as to 
5 sequentially convert the received analog voltage 
into a digital data; and 

timing control means for supplying the sample tim- 
ing signal to the sample timing control input of the 
sample and hold circuits, so that the sample and 

w hold circuits sample and hold the analog voltages 
applied to the analog signal inputs of the sample 
and hold circuits, the timing control means sup- 
plying a sample completion signal to the A/D con- 
verter after all the sample and hold circuits have 

is sampled and held the analog voltages applied to 
the analog signal inputs of the sample and hold 
circuits, so that the A/D converter starts its A/D 
conversion after all the sample and hold circuits 
have sampled and held the analog voltages applied 

20 to the analog signal inputs of the sample and hold 
circuits. 

The above and other objects, features and ad- 
vantages of the present invention will be apparent 
from the following description of preferred embodi- 
25 ments of the invention with reference to the accom- 
panying drawings: 

Brief Description of the Drawings 

30 

Figure 1 is a block diagram of an embodi- 
ment of the microcomputer in accordance with the 
present invention; 

Figure 2 is a timing chart illustrating an op- 
35 eration of the microcomputer shown in Figure 1; 
and 

Figure 3 is a block diagram of a modification 
of the microcomputer shown in Figure 1. 

40 Description of the Preferred embodiments 

Referring to Figure 1, there is shown a block 
diagram of an embodiment of the microcomputer in 
accordance with the present invention. 

45 The shown microcomputer includes a central 
processing unit (CPU) 10 coupled to an internal 
bus 12, and an analog input terminal 14 commonly 
coupled to four sample and hold circuits 16, 18, 20 
and 22. These four sample and hold circuits 16, 18, 

so 20 and 22 are also coupled to a timer 24 so as to 
receive sample signals 26, 28, 30 and 32, respec- 
tively, so that the four sample and hold circuits 16, 
18, 20 and 22 respectively sample and hold a input 
analog voltage when the sample and hold circuit 

55 receives a corresponding sample signal. 

The timer 24 is coupled to a trigger terminal 34 
so as to be initialized in response to a trigger 
signal supplied through the trigger terminal 34. The 
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timer 24 includes a timer register 36 coupled to the 
internal bus 12 so that the timer register 36 is set 
with arbitrary data by the central processing unit 
10. This timer register 36 is coupled to an down 
counter 38 so as to output the data set in the timer 
register 36 to the down counter 38. The down 
counter 38 is loaded with the data of the timer 
register 36 in synchronism with the trigger signal 
34, and thereafter, operates to count down or de- 
crement the loaded data. When the value of the 
down counter 38 becomes zero, the down counter 
38 generates an output signal to an output control 
circuit 40, which generates, on the basis of the 
output from the down counter 38, the above men- 
tioned sample signals 26, 28, 30 and 32 and a 
sample completion signal 42 indicating that all the 
sample and hold circuits 16, 18, 20 and 22 have 
held new analog voltages. 

Outputs of the sample and hold circuits 16, 18, 
20 and 22 are inputted to an common analog 
voltage input of an A/D converter 44 through trans- 
fer gates 46, 48, 50 and 52, respectively. The A/D 
converter 44 responds to the sample completion 
signal 42 to sequentially output select signals 54, 
56, 58 and 60 to the transfer gates 46, 48, 50 and 
52, respectively, so that the four analog voltages 
held in the sample and hold circuits 16, 18, 20 and 
22 are selectively sequentially supplied to the A/D 
converter 44 one by one in accordance with the 
select signals 54, 56, 58 and 60. The selected 
analog voltage is converted into a digital data by 
the A/D converter 44, and the digital data is stored 
in a corresponding one of four conversion registers 
62, 64, 66 and 68 provided in the A/D converter 44. 
When the A/D converter 44 has completed an A/D 
conversion of all the four analog voltages held in 
the sample and hold circuits 16, 18, 20 and 22, the 
A/D converter 44 generates a conversion comple- 
tion signal 70 to the central processing unit 10. On 
the other hand, the four conversion registers 62, 
64, 66 and 68 are coupled to the internal bus 12 so 
that contents of the conversion registers 62, 64, 66 
and 68 can be read by the central processing unit 
10. 

Now, operation of the microprocessor will be 
decribed with reference to Figure 2 showing a 
timing chart illustrating an operation of the micro- 
computer shown in Ftgure 1. 

In synchronism with a fall edge of the trigger 
signal 34, the value previously set in the timer 
register 36 of the timer 24 is loaded to the down 
counter 38, and the down counter 38 starts to 
decrement the loaded value at each predetermined 
interval, or at each clock. When the value of the 
down counter 38 becomes "0" or zero, the down 
counter 38 outputs the signal to the output control 
circuit 40, which generates the first sample signal 
26. The timer 24 repeats the above mentioned 



decrement operation four times, and sequentially 
generates the sample signals 26. 28 30 and 32, as 
shown in Figure 2. An interval T between the fall 
edge of the trigger signal 34 and a rising edge of 

5 the first sample signal 26 are the same as that 
between rising edges of each pair of adjacent 
sample signals, and is determined by the set value 
of the timer register 36 and a decrementing speed 
or clock of the down counter 38. 

70 Therefore, the output control circuit 40 of the 
timer 24 respectively generates the sample signals 
26, 28 30 and 32 at different timings T, 2T, 3T and 
4T after the fall edge of the trigger signal 34. The 
sample and hold circuit 16, 18, 20 and 22 sample 

15 and hold the input analog voltage on the input 
terminal 14 when the corresponding sample signal 

0 a 

is at 1 . 

The output control circuit 40 of the timer 24 
outputs the sample completion signal 42 after gen- 

20 eration of all the sample signals 16, 18, 20 and 22. 
In response to the sample completion signal 42, 
the A/D converter 44 brings the select signal 54 to 
w 1" so as to open the transfer gate 46, so that the 
analog value held in the sample and hold circuit 16 

25 is supplied to the A/D converter 44. The result of 
the A/D conversion of the analog value is stored in 
the conversion register 62 corresponding to the 
sample and hold circuit 16. After the result of the 
A/D conversion is stored in the conversion register, 

30 the A/D converter 44 activates a next select signal, 
namely, brings the select signal 48 to "1". 

The above mentioned A/D conversion operation 
is repeated further three times, so that the result of 
the A/D conversion of the analog values held in all 

$5 the sample and hold circuits 16, 18, 20 and 22 are 
stored in the corresponding conversion registers 
62, 64, 66 and 68, respectively. Thereafter, the A/D 
converter 44 generates the conversion completion 
signal 70 to the central processing unit 10. In 

40 response to the conversion completion signal 70, 
the central processing unit 10 fetches the contents 
of the conversion registers through the internal bus 
12, and executes a necessary processing on the 
basis of the result of the A/D conversion. 

45 Since the above mentioned embodiment has 
only one A/D converter, an analog input varying in 
a short time can be inexpensively converted into 
digital data. 

Turning to Figure 3, there is shown a modiftca- 

50 tion of the microcomputer shown in Figure 1. 
Therefore, in Figure 3, elements corresponding or 
similar to those shown in Figure 1 are given the 
same Reference Numerals. 

As seen from comparison between Figure 1 

65 and 3, the microcomputer shown in Figure 3 is 
such that the four sample and hold circuits 16, 18. 
20 and 22 are coupled to different input terminals 
72, 74, 76 and 78, and also coupled to receive a 
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common sample signal 80 outputted from the timer 
24. Therefore, the four sample and hold circuits 16, 
18, 20 and 22 simultaneously sample and hold 
different analog voltages supplied onto the input 
terminals 72, 74, 76 and 78, respectively. The other 
construction and operation of the microcomputer 
shown in Figure 3 are the same as those of the 
microcomputer shown in Figure 1. and therefore, 
further explanation will be omitted. 

Since the above mentioned second embodi- 
ment also has only one A/D converter, a plurality of 
analog inputs at the same timing can be inexpen- 
sively converted into digital data. 

In the above mentioned embodiments, the four 
sample and hold circuits are provided. However, 
the number of the sample and hold circuits is not 
limited, and can be freely increased. In addition, 
the number of analog input terminals can be in- 
creased. 

Furthermore, the above mentioned embodi- 
ments are such that after all the sample and hold 
circuits have completed the sampling and holding 
of analog voltages, the A/D conversion is started. 
However, the above mentioned embodiments can 
be modified so that the A/D conversion Is started 
as soon as an analog voltage has been held in one 
of the sample and hold circuits. In addition, in the 
above mentioned embodiments, the overall opera- 
tion including the A/D conversion is timed by the 
trigger signal, but can be synchronized by a signal 
generated by a timer or other means. 

The Invention has thus been shown and de- 
scribed with reference to the specific embodi- 
ments. However, it should be noted that the 
present invention is in no way limited to the details 
of the illustrated structures. 



Claims 

1. A microcomputer which includes an central 
processing unit and an A/D conversion circuit 
formed on the same integrated circuit chip, com- 
prising a plurality of sample and hold circuits coup- 
led to input means for sampling and holding an 
analog voltage supplied through the input means, 
timing generation means coupled to the plurality of 
sample and hold circuits for supplying a analog 
voltage sampling timing signal to the sample and 
hold circuits, means coupled to the timing genera- 
tion means for initializing the timing generation 
means, and means coupled to the sample and hold 
circuits and the A/D conversion circuit for sequen- 
tially selecting one of the analog voltages held in 
the sample and hold circuits and supplying the 
selected one to the A/D conversion circuit, so that 
the A/D conversion circuit sequentially converts the 
analog voltages held in the sample and hold cir- 



cuits into a digital data one by one. 

2. A microcomputer claimed in Claim 1 wherein 
the plurality of sample and hold circuits are coup- 
led to a common analog input terminal and the 

5 timing generation means generates a correspond- 
ing number of analog voltage sampling timing sig- 
nals at different timings of predetermined constant 
intervals and supplies the corresponding number of 
analog voltage sampling timing signals to the sam- 

ro pie and hold circuits, respectively, so that the sam- 
ple and hold circuits respectively sample and hold 
analog voltage on the common analog input termi- 
nal at the different timings. 

3. A microcomputer claimed in Claim 2 wherein 
15 the timing generation means generates the cor- 
responding number of analog voltage sampling tim- 
ing signals after the timing generation means is 
initialized by the initializing means, and the timing 
generation means generates a sample completion 

20 signal to the A/D conversion circuit after the timing 
generation means has completed the generation of 
the corresponding number of analog voltage sam- 
pling timing signals, so that the A/D converter 
starts Its A/D conversion after all the sample and 

25 hold circuits have sampled and held the analog 
voltages applied to the analog signal inputs of the 
sample and hold circuits. 

4. A microcomputer claimed in Claim 1 wherein 
the plurality of sample and hold circuits are coup- 

30 led to a corresponding number of analog input 
terminals and the timing generation means gen- 
erates a common analog voltage sampling timing 
signal to the sample and hold circuits, respectively, 
so that the sample and hold circuits respectively 

35 sample and hold analog voltages on the analog 
input terminals at the same timing. 

5. A microcomputer claimed in Claim 1 wherein 
respective outputs of the sample and hold circuits 
are coupled to the A/D conversion circuit through a 

40 corresponding number of transfer gates, which are 
controlled by the A/D conversion circuit so as to be 
sequentially opened so that analog values stored in 
the sample and hold circuits are sequentially sup- 
plied one by one to the A/D conversion circuit. 

46 6. A microcomputer claimed in Claim 1 wherein 
the A/D conversion circuit includes a plurality of 
conversion registers corresponding to the plurality 
of sample and hold circuits, and operates to store 
an A/D conversion result of the analog value, in the 

so conversion register corresponding to the sample 
and hold circuit which has supplied the analog 
value to the A/D conversion circuit. 

7. An A/D conversion circuit comprising: 
a plurality of sample and hold circuits each having 

55 an analog signal input, a sample timing control 
input and an output, each of the sample and hold 
circuits responding to a sample timing signal ap- 
plied to the sample timing control input, so as to 
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sample and hold an analog voltage applied to the 
analog signal input so that the analog voltage held 
in the sample and hold circuit is outputted from the 
output of the sample and hold circuit 
an A/D converter provided commonly to the plural- s 
ity of sample and hold circuits and having an input 
for selectively sequentially receiving the outputs of 
the sample and hold circuits one by one, so as to 
sequentially convert the received analog voltage 
into a digital data; and to 
timing control means for supplying the sample tim- 
ing signal to the sample timing control input of the 
sample and hold circuits, so that the sample and 
hold circuits sample and hold the analog voltages 
applied to the analog signal inputs of the sample 75 
and hold circuits, the timing control means sup- 
plying a sample completion signal to the A/D con- 
verter after all the sample and hold circuits have 
sampled and held the analog voltages applied to 
the analog signal inputs of the sample and hold 20 
circuits, so that the A/D converter starts its A/D 
conversion after all the sample and hold circuits 
have sampled and held the analog voltages applied 
to the analog signal inputs of the sample and hold 
circuits. 25 

8. An A/D conversion circuit claimed in Claim 7 
wherein the timing control means sequentially sup- 
plies the sample timing signal to the sample timing 
control input of the sample and hold circuits at 
different timings, so that the sample and hold cir- 30 
cuits sequentially sample and hold the analog vol- 
tages applied to the analog signal inputs of the 
sample and hold circuits, and the timing control 
means supplies the sample completion signal to 
the A/D converter after the timing generation 35 
means has supplied the corresponding sampling 
timing signals to all the sample timing signals, so 
that the A/D converter executes its A/D conversion 
after all the sample and hold circuits have sampled 
and held the analog voltages applied to the analog ao 
signal inputs of the sample and hold circuits. 
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© Microcomputer having high speed a/d conversion function. 



© A microcomputer includes an central processing 
unit and an A/D conversion circuit formed on the 
same integrated circuit chip. The microcomputer 
comprises a plurality of sample and hold circuits 
coupled to receive, sample and hold an analog volt- 
age, and a timer coupled to the plurality of sample 
and hold circuits for supplying a analog voltage 
sampling timing signal to the sample and hold cir- 
cuits. The sample and hold circuits is coupled 



through a gate circuit to the A/D conversion circuit 
so that the analog voltages held in the sample and 
hold circuits is sequentially selected one by one. 
and the selected one is supplied to the A/D conver- 
sion circuit so that the A/D conversion circuit se- 
quentially converts the analog voltages held in the 
sample and hold circuits into a digital data one by 
one. 
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